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(54) A blood component-recovering apparatus and a method for recovering blood components 
using the same 

(57) The present invention provides a blood compo- _. , 

nent-recovering apparatus and a method for high-yield 
recovery of leukocytes captured in a filter of the blood 
component-recovering apparatus. The blood compo- 
nent-recovering apparatus includes a housing accom- 
modating (a) a filtration portion charged with (b) a filter 
which is capable of passing erythrocytes but capturing 
leukocytes and (c) a pressing member for pressing the 
filter, the housing being provided in the sidewall thereof 
with (d) a blood flow inlet and (e) a blood flow outlet 
communicating with the filtration portion. The housing of 
the blood component-recovering apparatus is further 
provided in the upper wall thereof with (f) a means capa- 
ble of transferring, or moving, the pressing member ver- 
tically. The pressing member of the blood component- 
recovering apparatus is transferred downward while a 
blood containing blood components is passed through 
the filtration portion. The pressing member is then 
transferred upward to increase the volume of the filtra- 
tion portion, and a washing solution is then passed^ , 
through the filter to recover leukocytes. 
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SUMMARY OF THE INVENTION 
[0009] That is, the present invent 

modating (a) a filtration portion charged with (b) a filter which is capable of passing erythrocyt^es bu tcaptu ring leuko- 
X and (c a pressing member for pressing said filter, the housing being provided m the sidewall thereof witt (d) a 
Sod flow Net and (e) a blood flow outlet communicating with said filtration port.on. The housing of said blood compo- 
is further provided in the upper wall thereof with (f) a means capable of transferring, or mov- 
ina mTSSnl I member vertically. The pressing member of said blood components-recovering apparatus is 
Zs er r& S to a d'ownwa^position and a blood containing desired blood components is passed through the filtration 
pTtfn depressing member is then transferred upward to increase the volume of said filtration porfon, and a washing 

SKT '(Task's: i— Ts a b.ood component-recovering apparatus comprising a housing accom- 
SngW a filtration portion charged with (b) a filter which is capable of passing erythrocytes ™ 
cytes and (c) a pressing member for pressing said filter, the housing being provided m the sidewall thereof with (d a 
bbcd flow inlet and (e)a blood flow-outlet communicating with said filtration portion, and further being provided ,n the 
uDoer mTthe eof with (f) a means capable of transferring the pressing member vertically, wherein (c) said pressing 
membeTis !n a dllrd position while a blood containing biood components is passed through the filtration portion, 
and is then transferred upward to increase the volume of said filtration portion. 

raoiT] Another embodiment of this invention is a blood component-recovering apparatus comprising a housing 
Lccoloda (a) a filtration portion charged with (b) a filter which is capable of passing erythrocytes ^but capturing 
feukocytes and (c) a pressing member for pressing said filter, the housing being proved .n the sidewall thereof w th (d) 
^blood f^J ^Net and (e) a bLd flow outlet communicating with said filtration portion, and further being provided -n the 
upper J5 therewith f) a means capable of transferring the pressing member vertically, wher»n (c) sad pressing 
member is transferred to a downward position and a blood containing blood components is passed through the f Htration 
portion. The pressing member is then transferred upward to increase the volume of said filtration P°^. 
and wherein (ft said means capable of transferring the pressing member vertically comprises (g) a bolt portion consist- 
fngoTh"^ 

tion above the pressing member, and G)a hole through which the rod-shaped member can ^ transferred vert,ca y 
being formed in the bottom of (k)a concave portion on the upper wall of the housing and l)a nut P°*"^^ 
female screw formed on the inner wall of a cylinder, saki nut portion having an outer diameter permitting the cylinder to 
be inserted into said concave portion and capable of being screw-engaged with the male screw in said bolt portion. 
[00,2 T A ler embodiment of this invention is a blood component-recovering apparatus « a 
accommodating (a) a filtration portion charged with (b) a filter which is capable of passing < jrylhrocyte sMcaptonng 
leukocytes and (c) a pressing member for pressing said filter, the housing being provided in the sidewall A""^ W 
a blood flow inlet and (e) a blood flow outlet communicating with said filtration portion, and being further prov,ded in the 
unoer wall thereof with (f) a means capable of transferring the pressing member vertically, 

Z M member transferred downward while a blood containing 15 
oassed through the filtration portion, then transferred upward to increase the volume of sa.d f Htration portion 
a^^saZm capable of transferring the pressing member vertically consists of (n) a rod-shaped member 
e*end^ 

male screw formed on the sidewall thereof, (q) a chamber being provided on the pressing member, having (r)a first hole 
^-shaped member penetrates and accommodating said lock portion, and (s) a female screw being 

Tme^ 

with the male screw of said rod-shaped member. The pressing member of this invention may have he shape of a disk 
provided in a side edge thereof with (u) an O-ring capable of sliding liquidtightly along the inner wall of the : hous,^ 
fo013] Anotherembodimentofthisinventionisabloodcomponent-recoveringapparatushav.ngahousingcompnsing 

M an upper lid portion and (w) a lower lid portion, 

wherein (v) the upper lid portion accommodates (x) a spring body for pressing (a)a filtrat.cn portion barged with (b)a 
Lr which is capable of passing erythrocytes but capturing leukocytes and (c)a pressing member >s connected to the 
, end oTsaid sprfng body and is capable of being transferred to the inside of (w)a lower lid portion, and (w)said lower hd 
^^ZkL (Osaid filtration portion, is provided with (d)a blood inlet and (e)a blood outlet-and is screw- 

^^^^S^^SS^ is a blood component-recovering apparatus having a housing comprising 
(v) an upper lid portion and (w) a lower lid portion. .^.u^^hMa 
,- wherein (v) an upper lid portion accommodates (x) a spring body for pressing (a)a filtration portion charged wrtMMa 
Ser which is capable of passing erythrocytes but capturing leukocytes, and(w)the lower hd ^« ««™^ 
(a)sald Nation portion and (c) a pressing member placed on (a)the filtration portion, and .s provided with (d)a blood 
inlet and (e)a blood outlet and is screw-engaged or fitted to the upper lid portion. 
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[0022] The washing solution is preferably physio.ogical saline, Hank's solution (HBSS), a buffer "^J- 
becco phosphate buffer (D-PBS) etc., which may optionally contain protons such as human serum albumin or an anti- 

SST Tnewient invention provides a blood component-recovering apparatus in which a blood containing these 
5 blood components is passed through a filtration portion charged with a filter which is capable of passing e ythrocytes 
SS^^SutocySB. then the inner volume of said filtration portion is increased, and the washing solution is then 
passeSto recover leukocytes. The filter may be charged directiy in the filtration portion in the r,g,d housing or may be 
chamed in a baa consisting of a flexible resin and having a blood flow inlet tube and a blood flow outlet tube, wherein 
afd bag is accoL dSn the filtration portion in the rigid housing. The bag consisting of a flexible resir , is ; charged 
10 w* the filter in a compressed condition, and the inner volume of the filtration portion ,s increased by moving the press- 
ina member upward to increase the inner volume of the bag. 

0024] The housing may be made of a material including a synthetic resin such as polycarbonate, Polystyrene ^ pdy- 
K hard polyvinyl chJide etc. and metals such as stainless steel, aluminum etc. The bag ,s formed by welding two 
sheets of afl Jue resin along the edge thereof , and the end of the edge is provided wrth ri f Pf s ' ^ h T 
15 inlet and a blood flow outlet. The f lexible resin constituting the bag includes polyester, polyolefm, polyurethane, ethyl- 

portion in the housing is increased thus further increasing the inner volume of the f.Jer in the housing, and then he 
washing solution is passed therethrough to recover leukocytes captured in the filter. The 
20 oortion after expansbn is at least 1 .1 0-fold, preferably 1 .20- to 1 .80-fold, and more preferably 1 .30- to 1 .60- old relative 
£S nne ^vSdthe filtration portion before the bloo^ is passed through the fil^ 

of the filtration portion is less than 1 .10-fold, there is the possibility that leukocytes cap ured ,n the filter cannot suffi- 
ciently be recovered, while if the magnification is too high, the housing tends to become ^arge 
[0026] The blood component-recovering apparatus of the present invention is described with reference to the blood 

25 component-recovering apparatus shown in Fig. 1 nnrtinn /1 a\ anri 

f00271 Fiq 1 is a schematic view of the blood component-recovering apparatus where an upper lid port on (14) and 
Er lirportion (15) are complete.y screw-engaged to form housing (4), and filter (2) is pressed ,ust before blood is 
Pasted ?he loweMk portion (15) is provided with a filtration portion (3) accommodating a filter (2), and its s,dewa.l is 
provided wl Zd Sow inlet 10 anS blood flow outlet (11), and the pressing member (1) is ^on^eupp^ 

30 of the f ilter (2) The pressing member (1) comprises a rod-shaped member (5) extending upward in a longitudinal d.rec- 
Son an frftoJS the rod-shaped member (5) has a head (7) with a larger diameter than ^ rod-shapec^ ^member 5^ 
andamalescrLis formed on thesidewall of thehead (7). The upper lid P or^ 

(6) on the upper wall of the housing (4), and the bottom of the upper hd portion (1 4) ,s prowled with a hole (1 9) through 
which the rod-shaped member (5) can move vertically. 

35 [0028] in this blood component-recovering apparatus, a nut portion (8) is used to transfer the pressing member ( ) 
vertically The nut portion (8) comprises a cylinder having an outer diameter permitting .t to be inserted into the concave 
doS (elan ^ha?a grasp ng portion (27 provided with a female screw (9) capable of screw-engagement wrth the 
male scfew Sn the head (7) in the inner wall of the cylinder. The pressing member (1) is disk-shaped and provided 
SarouTd with a O ring (18) sliding liquid-tightly along the inner wall of the lower lid portion (15). A female screw 

40 (17^ 

wan of The opening of the lower lid portion, and the female screw (17) and the male screw 16) are screw-engaged to 
^m the housing (4). In Fig. 1, the housing (4) is formed by screw-engagement, but may also be formed by adhesion 
rrSngFu^ 

screw is formed on the sidewal. of the head (7), but the male screw may be formed on the sidewaH «Jtotatotop*l 
45 mTmber (5). In Fig. 1, the nut portion (8) may be provided with a ^ ~ «^ 

screw (9) in the nut portion and the male screw in the head (7) in the rod-shaped member (5) is not '°<> sen ^ a * e J™ 9 . 
[TO29] For recovering leukocytes from a blood by use of the blood component-recovering apparatus in F,g. 1 , the nut 
P S nserted into the concave portion (6). and the female screw (9) on the nut portion (8) is sc ™"ngag»d 
wrth the male screw on the head (7) of the bar-shaped member (5), and the nut portion (8) is then rotated to transfer 
so ^ ba Shaped member (5) downward so that the pressing member (1) presses the filter (2). After the fHtrat-on portion 

to the filter (2) where leukocytes are captured. Thereafter, the nut portion (8) is rotated in the opposite direction to t ans- 
Sr 7he "i-Saped member^) upward thereby en.arging the vo.ume of the f i.tration - - - 

is then passed through the filter (2) so that along with the washing solution, leukocytes captured in the filter (2) flow 
55 through the blood flow outlet (11), and are recovered from the blood flow outlet tube (13). 

[2] Ro 2 is a schematic view showing another embodiment of the blood component -recovering a PP^atus °Hhe 
present invention, where filter (32) is pressed just before blood is passed. The filter ^« i ^ m ^S^^ ^ 
made of a flexible resin, and a blood flow inlet tube (42) is connected via bag (31) to a blood flow outlet tube (43). The 
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ered in the leukocyte-aecommodating bag (24). The ratio of expansion of the filtration portion (3) 
02) due to upward transfer of the pressing member (1), and the yield of leukocytes recovered m the leukocyte-accom- 
modating bag (24) are shown in Table 1 . 

[0037] The volume expansion ratio is the ratio of the distance between the bottom of the lower lid portion an I the 
Drees no member whenTheir screw-engagement was loosened to transfer the pressing member upwa d/the thickness 
SZSJSbSSSie blood was passed through the filter (2) (distance between the bottom of the lower lid portan 
^C^SrLbeO. The leukocyte recovery ratio is the ratio of the number of leu kocytes in , £ 
saline accommodated in the leukocyte-accommodating bag (24)/the number of leukocytes n blood accommodated ,n 
the blood bag (21). 



Volume expansion ratio (fold) 


1 


1.17 


1.28 


1.41 


1.50 


Leukocyte recovery ratio (%) 


45.1 


80.6 


83.2 


85.0 


86.7 



[0038] As is evident from Table 1 , the yield of leukocytes increases with an increasing volume expansion ratio. 



[0039] After a nonwoven fabric with a fiber diameter of 10 ^m and a nonwoven fabnc with a f iber d.s meter of 1^m 
were immersed in 0.25 % 2-hydroxyethy. methacrylate/diethylaminoethyl methac ^f 

ing portion (38) in the blood component-recovering apparatus in Fig. 2 was rota ed to transfer the ^membe 
downward whereby the filter (32) comprising said nonwoven fabric with a fiber diameter of ^"Wg 

25 and said nonwoven fabric with a fiber diameter of 1 .5 tarn as a second layer was pressed The 2-laye .nonwoven fat r,c 
had the nonwoven fabric having a fiber diameter of 10 pm and a bulk density of 0.23 g/cm^ as the first layer and the 
nonwoven fabric with a fiber diameter of 1 .5 urn and a bulk density of 0.1 2 g/cm 3 as the second layer when the bag (31) 
was compres to a predetermined volume by the pressing member (33). A disk-shaped filter (diameter ^3 82 cm 
Sness 8 6 mm) consisting of the first layer as the upper layer and the second layer as the sublayer (volume ratio 60. 

so 4^Z™™2£xe6 in a'ow-density polyethylene bag (31) in the blood component-recovering apparatus shown ,n 

[Sm] 50 ml umbilical cord blood comain^^ 

at a flow rate of 5 ml/min. whereby leukocytes were captured in the filter, while erythrocytes and ptatele ts were passed 
through the filter (32) and recovered in the small blood bag (23). The yield of erythrocytes recovered .n the small blood 

35 baa (S) was 89 % and the yield of platelets therein was 72 %. Then, the 3-directional stopcock (26) was closed, and 
SS^nfl i!on(i) in Fig. 2 was rotated in the opposite direction to transfer the ^ ™JT 
unward The4fter the bag (31) was filled with physiological saline to enlarge spaces between the fibers, and 120 ml 
ESS was passed at a flow rate of 5 ml/min. through the bag (31 , charged with the filter (32) and recov- 
e 2 via he ood flow outlet tube (43) in the leukocyte-accommodating bag (24). The volume expansion ra^io o the 

4 o bag (31), attained by upward transfer of the pressing member and the yield of leukocytes recovered m the leukocyte- 
accommodating bag (24) are shown in Table 2. 



Volume expansion ratio (fold) 


1.00 


1.18 


1.33 


1.49 


1.61 


Leukocyte recovery ratio (%) 


27.7 


66.3 


71.5 


76.2 


78.8 



[0041 ] As is evident from Table 2, the yield of leukocytes increases with an increasing volume expansion ratio 
so [0042 As described above, the blood component-recovering apparatus of the present invent,on is an easily handled 
and compact apparatus by which leukocytes captured in the filter can be recovered in high y.eld. 
[0O43? Ltherexampleforcarryingoutthebloodcomponent-recoveringmethodofthepresentinve 
with reference to the blood component-recovering apparatus shown in Figs. 4 and 5. 

[0044] Fig 4 is a schematic view where an upper lid portion (51) is separated from a lower hd portion 52) and the 
55 ower id potion (52) is provided with a filtration portion (67) accommodating a filter (53), and the s.dewa.1 of the lower 
^portion (52) is provided with the a flow inlet (64) and a blood flow outlet (65), and the upper l.d portion (51) «com- 
modfate a spring body (54) for pressing the filter (53), the end (55) of the spring body (54) being connected to a press- 
Z Tmember (56 1 capab e of bekig transferred to the inside of the lower lid portion (52). The pressing member (56) is 
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Example 3 



[0052] In the blood component-recovering apparatus shown in Fig. 4, filter (53) cons.sts of a dsk -shapsc 3- ayer no^ 
woven fabric (diameter 4.86 cm) of polyethylene terephthalate fibers. The three layers (F,g. 5) ^» » 
a compressed to a predetermined volume by the pressing member (56) has a nonwoven f^^Stl a£ 
urn and a bulkdensity of 0.23 g/cm 3 in afirst layer (upper layer), a nonwoven fabric with a fiber diameter of 3.5 ^m and 
allk denst of 0 1 "g/cm 3 in a second layer (interlayer) and a nonwoven fabric with a ftoer d ia me er of 1 .5 urn and a 
bulk denSty of 0.12 gl 3 in a third layer (sublayer). The volume ratio was 30: 22: 48. and ^^^^ 
mm 100 m bovine blood containing an ACD solution as an anti-coagulat,on agent was passed «™»^« 8 !^ 

10 Te of 5 ml/min. to capture leukocyles in the inside of the filter (53), while ^^^^^^ 
(53) and recovered in the small blood bag (23). The yield of erythrocytes recovered m the sm all bag g> 
% and the yield of platelets therein was 18 %. Then, the 3-directional stopcock (26) was closed and then the engage 
me^SJ^ntt^ upper lid portion (51) and the lower .id portion (52) in Fig. 5 was loosened to transfer > press ng 
membe^! upward Thereafter, the filter (53) wasfilled with physiological saline to incase ^aces bawee the f b- 

15 ers and then 150 ml physiological saline was passed at a flow rate of 5 ml/m.n. through the filtration portion (67) and 
S^rJ I £ ^the leukocXaccommodating bag (24). The expansion ratio of the filtration portion (67) charged with filter 
(^ned^u^ 

!Sr^3^^ "Jjl'of le distance between the bottom of the lower lid portion and the 
20 oressina membe"whenThe^ screw-engagement was loosened to transfer the pressing member upwardAhe thickness 
o theiT 53?when the upper lid porta (51) was completely screw-engaged with the lower lid portion 52) (distance 
t£Z the bottom of thefcwer lid portion and the pressing member). The leukocyte recovery ratio ,s the rat,o of the 
^^(T^cytes in the physiological saline accommodated in the leukocyte-accommodating bag (24)/the number 
of leukocytes in blood accommodated in the blood bag (21). 



Table 3 



Volume expansion ratio (fold) 


1.00 


1.06 


1.14 


1.32 


1.53 


1.73 


1.92 


Leukocyte recovery ratio (%) 


47.2 


78.7 


82.1 


87.7 


89.8 


91.9 


93.3 



[0054] As is evident from Table 3, the yield of leukocytes increases with an increasing volume expansion ratio. 
Example 4 

[00551 A nonwoven fabric with a fiber diameter of 10 urn and a nonwoven fabric with a fiber diameter of 1 .5 > iim were 
mme sed in 0 25 o/! 2 . hydr0 xyethyl methacrylate/diethylaminoethyl methacrylate copolymer ,n ethanol. The protruding 
ZZnn 1) of the lower lid portion (62) of the blood-components recovering apparatus shown in Fig.6 was locked at 
ZZ™~L -ongho,e(73)ofthe upper .idporti 0 n(61)tofitthe upper 1.^ 

thPrebv comDressino the filter by the pressing member. After compression, a disk-shaped, 2-layer filter (diameter 
82 cm tad ^th7nonwren fabric having a fiber diameter of 1 0 urn and a bulk density of 0.23 g/cm 3 as an upper ayer 

ond layer) This filter was arranged in the filtration portion in the apparatus shown in Fig. 6. The thickness of the filter 

when the protruding portion (71) was placed at the uppermost crosswise long hole (73) was 9.7 mnr 

TrS 100 ml human blood containing a heparin solution as an anti-coagulation agent was passed therethrough at a 

^ "st^v^l^^ we're captured in the filter material, while erythrocytes and pUri* were 

oasseTthmugh the filter and recovered in the small blood bag (23). The yield of erythrocytes recovered in the small 

bfocfbS 

and then the protruding portion (71) in Fig. 6 was transferred to the lowermost crosswise long hole (73) to increase the 
, volume o t^«n portion. Thereafter, the filtration portion was filled with physiological sahne to enlarge spaces 
betTen he fibers and 1 50 ml physiological saline was passed through the filtration portion at a flow rate of 5 ml/nm 
an^recove^d Mn ^the^eukocyte-accommodating bag (24). The volume expansion ratio of the filtration portion, attorned 
^SSJSTSSe protruding portion (71) to the crosswise long hole (73), and the yield of leukocyles recovered 
Stt^S-icoommalatino bag (24) were determined. The distance between the lowermost crosswise long hole 
^XuTSeaoT^^ hole was 6.4 mm and the distance between the lowermost crosswise long hole and the 
hole was 12.3 mm. When the protruding portion was placed at the middle crosswise long 

the lowermost crosswise long hole (volume expansion ratio. 2.77), the yield of leukocytes was 94.7 %. 
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Table 6 



Bulk density (g/cm J ) 


Yield of leukocytes (%) 


Captured 


Recovered 




0.19 


0.11 


85.2 


0.19 


0.19 


79.3 



[0063] The meanings of the numerals in the drawings are as follows: 





1 , 33, 56: 


pressing members 




2, 32, 53: 


l-l! 6 ^ rtnn 


15 


3, 67: 


filtration portion 




4, 30: 


housings 




5, 36: 
6: 


rod-shaped members 
concave portion 




7, 37: 


neaa or ine oon 


20 


8: 


nut portion 




9: 


female screw 




10, 44, 64: 


blood flow inlet 




1 1 , 45, 65: 


blood flow outlet 




12, 42, 59, 69: 


blood inlet tubes 


25 


13, 43, 60, 70: 


blood flow outlet tuues 




14, 51, 61: 


upper lid portion 




15, 52,62: 


lower lid portion 




16, 39, 58: 


male screw 




17, 57: 


female screw 


30 


18, 66: 


o-ring 




19: 






20: 


blood component-recovering apparatus 






blood bag 




22: 


washing solution bag 


35 


23: 


small blood bag 




24: 


leukocyte-accommodating bag 




25, 26: 


3-directional stopcock 




27, 38: 


grasping portions 




31: 


bag 


40 


34: 


chamber 




35: 


lock portion 




40: 


second hole 




41: 


first hole 




54: 


spring body 


45 


55: 


end of the spring body 




71: 


protruding portion 




72: 


lengthwise long hole 




73: 


crosswise long hole 



A blood component-recovering apparatus comprising a housing in which is accommodated (a) a fil rati o .port on 
charged with (b) a filter which is capable of passing erythrocytes but of capturing leukocytes and I (c) a pressing 
member for pressing said filter, said housing being provided in the sidewall thereof with (d) a blood flow inlet and 
(e) a blood flow outlet communicating with said filtration portion. 

The blood component-recovering apparatus of claim 1 , wherein the housing is provided in the upper wall thereof 
with (f) a means capable of moving the pressing member in a vertical direction. 
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fold relative to the inner volume of the filtration portion when said pressing member is in a downward position 

15. A method of recovering blood components, which comprised passing blood containing , blood components i through 
a filtration portion charged wrth a filter which is capable of passing erythrocytes but capturing ^^^^ 
enlarging the inner volume of said filtration portion, and then passing a washing solution through sa.d nitration por- 
tion to recover leukocytes. 

16 The method of recovering blood components according to claim 15, wherein the I filter is accommodated in a bag 
made of a flexible resin and said bag is connected to a blood inlet tube and a blood outlet tube. 

17. The method of recovering blood components according to claim 15, wherein the filte, ^comprises a fiber aggregate 
of fibers having a fiber diameter of 25 um or less, said fiber aggregate having a bulk density of 0.05 to 0.50 g/cm . 

18. The method of recovering blood components according to claim 15 wherein the filter comprises a multi-layer 1 ter 
aggregate, and at least one layer comprises a fiber aggregate of fiber having a fiber diameter of 25 or less, said 
fiber aggregate having a bulk density of 0.05 to 0.50 g/cm 3 . 

19 The method of recovering blood components according to claim 15, wherein the inner volume of the filtration por- 
tlni^^ 

ume of the filtration portion before blood is passed through the blood component-recovering apparatus. 
20. The method of recovering blood components according to claim 15, wherein said blood is umbilical cord blood. 
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